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CriUISE RESULTS 

Cruise No, RP-~-MF-?~-B 

NOAA Ship Mi l l e r  Freeman 

Norton Sound and Chukchi Sea Trawl Survey 

The Mil ler  --departed PMC i n  S e a t t l e  on August Freemarl 24 fcr Norton Sound 
and t h e  Ch-&chi Sea and a r r ived  i n  Kodids on October 1 3  upon ccmpletion 
of  the  survey, Intervening p o r t  c a l l s  were made a t  Dutch Hai-bor on 
August 30 t o  embark s c i e n t i s t s ,  a n d . a t  Nome on September 2, 24 and Octo- 
h e r  4 t o  exchange s c i e n t i f i c  personnel  and pick  up suppl ies ,  Other p o r t  
c a l l s  were made a t  Kotzebue on September 7 t o  ob ta in  xzd ica l  a t t e n t i o n  
f o r  an i n j u r e d  crew member and a t  Klvalj-na on September 1 0  t o  disembark 
a crewman, 

The genera l  a rea  inves t iga ted  included t h e  so l~ theas te rn  Chukchi Sea from 
t h e  Bering S t r a i t  north t a  Point  Hope, Kot2ebu.e Sound, Norton Sound and 
t h e  northern-most por t i cn  o f  t h e  Bering Sea e a s t  o f  t h e  U,S,-U,S,S,R, 
1867 Convention Line and between S t ,  Lawrence I s l a n d  and Bering S t r a i t  
( ~ i g u r e1 1 ,  

OBJECTIVES 

The primary purpose o f  t h i s  survey was t o  ob ta in  base l ine  b i o l o g i c a l  and 
e n v i r o m e ~ t a l  i n f o r m t i o n  t o  a i d  i n  e s t a b l i s h i n g  guidel ines  f o r  fu tu re  
development o f  offshore  e c e r m  resources i n  t h e  region, S p e c i f i c d l y ,  
t n i s  survey was designed to :  ' 

1. describe t h e  corcpositiox, d i s t r i b 3 t i o a y  a r d  a.bund.ance o f  demersal 
a d  2elagic  f i s h ,  s h e l l f i s h ,  =d princi-pzl  in-certebrate resources of  
Norton Sound and t h e  southeast.ern Chukchi Sea during t h e  sunmer-fall 
season by a r e a  and depth; 

2. obta in  information necessary t o  determine popul&tion parameters such 



1 0  

and growth r a t e s  f o r  se lec ted  f i s h  and inver tebrate  species;  

3. co l l ec t  stomach samples from se lec ted  species fo r  l a t e r  determina- 

t i o n  of feeding hab i t s  ; 


4. perform r ep l i ca t e  demersal t rawl  and g i l l n e t  s e t s  t o  determine possi- 

b l e  var ia t ions  between day and nighttime sampling; and, 


5. co l l e c t  and preserve samples of a l l  f i s h  species encountered f o r  

l a t e r  pos i t ive  i den t i f i c a t i on  and fo r  collectionyS.. 


I n  addit ion t o  the  preceeding object ives ,  o ther  programs operated aboard 
the  Mi1lerFreema.n i n  conjunction with the  t rawl  survey, These progrms 
obtained i~lformation regarding marine b i rds  and m.mals ,  benthic inver- ' 

t ebra tes  , f i s h  and inver tebrate  pathology, s a l i n i t y  and^ temperature, and 
hydrocarbons. 

GEAR 

Three types of f i sh ing  gear were used during the  Norton Sound-Chukchi 

Sea survey: an o t t e r  t rawl ,  pelagic t rawl ,  and g i l l n e t s ,  A descr ipt ion 

of the gear types a r e  as  follows: . 


?'he o t t e r  t rawl  had a 112' footrope, 83' headrope and was constructed 
of. 4" mesh ( s t re tched  mesh measure) (#48 thread)  on t h e  wings and body and 
3% " mesh (#96 thread)  i n  the  intermediate sect ion and codend. There were 
31 eight-inch diameter f l o a t s  on t he  heackope. Other accessory gear 
included four 25-fathom dandylines, two connected t o  each w'j.ng. The 
codend was l i ned  with 1%"mesh web fo r  t he  re ten t ion  of  small f i s h  and 
invertebrates.  

2. The pelagic  t rawl  was a Mark 1Universal type with a 121-ft. headrope 
and footrope, The ne t  contained 2%" mesh web th rough~u t  tlie wings, body 
and codend, The codend was l i n e d  with 1%"mesh web fo r  re ten t ion  of 
smll f i sh ,  Accessorj gear included s i x  30-fathom dandylines, t h r ee  con-
nected t o  each wing. 

3. The g i l l n e t s  consisted of  a s e r i e s  of seven shackles of various mesh 
s i ze s  connected together  t o  form a continuous net ,  Each shackle was 30 
t o  50 fathoms long and included one of t h e  fol1owin.g mesh s i ze s  ( s t re tched  
mesh measure): 0.83" (21  mm) ,  1.38" (35 m),  1.65It (42 mm), 2.50" (64 am), 
3.25" (83 mm), 4.50" (114 mm), and 5.25" (133 mm). Accessory gear inclu- 
ded marker poles e.pd f l oa t s  which were a t tached t o  each end of the  ne t ,  
and a radio buoy t o  f a c i l i t a t e  loca t ing  the  gear. 

METHODS 

Survey operations were conducted on a 24-hour per  d@y bas i s  due t o  t he  
number of s t a t i ons  t o  be sampled snd t he  shor t  time period avai lable  f o r  
- t h e i r  examination, 



The survey a rea  was divided i n t o  4 sub-areas ( ~ i g u r e1). Demersal 
trawling dens i t i es  i n  these sub-areas were es tabl ished on t h e  bas i s  o f  
po ten t ia l  environmental impact from o i l  development and 'other  fac tors  
r e l a t i ng  t o  t h i s  region. Shallower inshore s t a t i ons  (sub-areas B and 
D ) ,  with subsequently greater  r i s k  po ten t ia l s ,  had t he  highest  density 
(1station/100 nau t ica l  miles2). The offshore region (sub-areas A and ' 

c), 	where t he  r i s k  i s  lower, had a sampling density of  1 station/225 
nau t ica l  miles 2 , 

I n  addi t ion,  t he  survey region was divided i n  two o t o l i t h  areas so t h a t  
possible di f ferences  i n  growth r a t e s  north and south o f t h e  Bering 
S t r a i t  could be examined. 

k 30-minute demersal t rawl  haul was made a t  each scheduled s ta t ion .  Upon 
completion of  t he  tow, the  catch was brought aboard, so r ted  and examined 
f o r  species composition by weight and number, Biological  information 
was obtained f o r  the  p r inc ipa l  f i s h  and s h e l l f i s h  species encountered. 
These data  included: s i z e  and sex composition, age determination and 
stomach samples f o r  se lected species,  and s h e l l  and egg condition fo r  
commercially important crab species. 

During trawling operations and t r a v e l  between s t a t i ons ,  t he  water column 
was monitored with acoust ical  sounders t o  loca te  off-bottom f i sh .  When 
off-bottom f i s h  signs were encountered a pelagic  tow was conducted. Se t  
locat ions  a r e  given i n  Figure 2. . 

A s e r i e s  of g i l l n e t  s e t s  were conducted throughout t he  survey a rea  (Figure 
2 )  t o  qua l i t a t i ve ly  sample near-surfa.ce f i s h  species, The g i l l n e t s  were 
s e t  a f t e r  sunset and generally allowed t o  soak f o r  8 t o  10 hours. Loca-
t ions  of these  s e t s  were contingent on progress along dai ly  c ru i se  t racks  
and were made near demersal s t a t i ons  scheduled t o  be completed a t  night.  

Replicate demersal trawls and g i l l n e t  s e t s  were conducted a t  severa l  
locat ions  t o  determine temporal changes i n  species composition and density, 
and e s t ab l i sh  whether s i gn i f i c an t  catch r a t e  differences resu l ted  between 
day and nighttime fishing.  These r ep l i ca t e  s t a t i ons  included a minimum 
of 4 day and 4 nighttime 30-minute t rawl  hauls and a s e r i e s  of 4 g i l l n e t  
se t s .  The g i l l n e t  s e t s  included an 8 t o  10  hour evening s e t  and th ree  
daytime s e t s  of 2, 4, and 8 hours duration, 

RESULTS 

1, 	 Data col lected 

During the  34 non-transit vessel  working days i n  t h e  Chukchi Sea-Norton 
Sound survey. area,  249 tra,wl hauls were made, including 8 pelagic  and 44 
r ep l i ca t e  demersal tows (Figure 3 ) ,  A t o t a l  of  25 of  the  scheduled 240 
demersal t r e w l  s t a t i ons  were found t o  be untrawlable due t o  rough bottom, 
All other  s t a t i ons  were e i t h e r  successfully occupied.or west ~f t he  
cont inenta l  she l f  median line,L! Thirty-three (33) g i l l n e t  s e t s  a l so  were 
performed, 

-1/ 	A bou~darjr estzblished by the  1958 In te rna t iona l  Convention of t h e  , 
-	 C o n t i ~ e n t a l  Sheif f o r  dividing she l f  areas  adjacent t o  two t e r r i t o r i e s ,  

i n  t h i s  ins tance,  between the  U.S. and U.S.S.R. 



Nearly 46,000 length measurements f o r  use i n  es tabl ishing s i z e  composi- 

t i o n  were obtained from the  following f i s h  species: 


Number 

Species measured 


Saffron cod (Elginus raci l - is ) 

Arctic cod l ore on ad usbsaida 


Yellowfin so le  (Limanda aspera ) 6,002 
Alaska pla ice  ( ~ l e u r o n e c t e s  quadrituberculatus) 1,520 
Starry  flounder ( ~ l a t i c h t h y s  s t e l l a t u s )  1,140 

- Bering flounder (~ ippoglosso ides  robustus ) 137 
Longhead dab (Limanda probosci dea) 56 
Arctic flounde7=setta g r ac i a l i s  ) 45 
Rainbow (toothed) smelt (Osmerus mordax dentax) 5,766 
Pac i f ic  herr ing ( ~ l u p e a  2,972 
Capelin ca allot us v i l losus  

1 

Furthermore, length measurements were a l so  taken from l e s s  frequently 

encountered species. 


Independent length-weight-age information was col lected on 6 species from 

the  two o t o l i t h  areas  of  the SL-vey. Approximately 1,850 length-weight 

measurements and o to l i t h s  were taken f o r  t h e  following species by region: 


I North South 
o t o l i t h  o t o l i t h  Total  

Species area  a r ea 

Saffron cod 184 254 438 
Pac i f ic  147 146 293 
Yellowfin so le  (~imanda aspera) 197 108 305 
Rainbow (toothed) smelt (Osmerus mordax dentax) 152 5 5 207 
Alaska pa l ice  ( ~ l e u r o n e c t e s  quadrituberculatus ) 209 94 303 
Arctic cod (greogadus sa ida)  142 161  303 

Ninety-seven (97) stomach samples were col lected from saffron cod (Eli-ginus 
g r a c i l i s  ). and rainbow (toothed) smelt (Osmerus nordax dentax), These 
stomachs were preserved i n  a formalin solut ion f o r  subsequent analysis.  

Approximately 50 t en t a t i ve ly  i den t i f i ed  f i s h  species were encountered 

during the c ru i se  a able l), Representatives of a l l  species were frozen 

f o r  l a t e r  conformation of f i e l d  iden t i f i ca t ion .  Additionally , nearly 

700 f i sh ,  comprising 29 species,  were preserved i n  a 10% formalin solu- 

t i o n  t o  f'urnish samples previously requested by t h e  Smithsonian In s t i t u t e .  


Various species of s n a i l s  were taken during the cruise.  A t o t a l  of  5,236 
of t he  16,366 individuals col lected were preserved f o r  laboratory examin- 
at ion.  



2. Preliminary findings 

DemersKt, 

In  general, demeraal f i s h  catches were small throughout t h e  e n t i r e  survey 
area  averaging l e s s  than 100 pounds per 30 minute trawl haul, The shallower 
inshore areas were found t o  be xore productive than deeper offshore waters. 
Average s i z e  of several  f i s h  and s h e l l f i s h  species tzken i n  the  survey 
region was noticeably smaller than s i ze s  associated with eastern Bering 
Sea stocks of  t he  same species. 

" 1 

Representatives of the  families Gadidae, Pleuronectidae, Osmeridae, 
Clupeidae, and Cotti'dae were the  most commonly encountered f i s h  fauna. 
Other l e s s  frequently taken families included Agonidae, Cyclopteridae, 
Zoarcidae, and Stichaeidae. Species composition generally did not vary 
between areas. Tables 2 and 3 summarize some preliminary catch findings 
by area and depth, 

The Gadids represented a major portion of t h e  catches. Arctic cod ( ~ o r e o -  
gadus sa ida)  was t he  most common species i n  t he  Chukchi Sea and Kotzebue 
Sound, and t h e i r  occurrence increased with depth. Saffron cod was t he  
predominant species i n  t he  Norton ~ o k d  and had the  l a rges t  average catch 
per t rawl  haul. They were, however, l e s s  frequently taken i n  the  Chukchi 
Sea area. 

Juvenile saffron cod were generally found t o  be r e s t r i c t e d  t o  the  shallows 
i n  both areas,  They occurred most frequently a t  depths of  0-25 meters 
and t h e i r  density generally decreased with an increase i n  de2th. Both 
percent occurrence and average weight caught, by depth, were greater i n  
t h e  Norton Sound region thaii i n  the  Chukchi Sea. 

The most frequently encountered Pleuronectid was  Alaska p la ice  ( ~ l e u r o n e c t e s  
guadrituberculatus ) , Star ry  flounder ( ~ l a t i c h t h y s  s t e l l a t u s  ) and yellow- 
f i n  so le  ( ~ i n a n d a  aspera) a l so  were frequently encountered, and were more 
comonly taken i n  the  Norton Sound region than the  Chukchi Sea, Both 
s t a r r y  flounder and yellowfin so le  appeared t o  be r e s t r i c t e d  t o  the  shal- 
lower waters. Their incj.dence of occurrence and average catch weights 
dropped sharply with increased depths. Neither species were taken i n  
waters over 50 meters. 

Other frequently encountered f i s h  species included rainbow smelt and 
Pac i f ic  herr ing ( ~ i u p e a  harengus p a l l a s i ) .  Smelt had approximately t he  
same average catch weight i n  both areas but were more f r e q ~ e n t l y  encoun- 
te red  i n  the  Norton sound region, Conversely, Pac i f ic  herr ing were more 
comon and had a greater  catch r a t e  i n  t he  Chukchi Sea than i n  the  Norton 
Sound region. 

Cottids were abundant throughout the  e n t i r e  survey area,  being represented 
i n  nearly all demersal trawl hauls, The p l a in  sculpin (~lyoxoceph~lus - ,joak), 
Shorthorn sculpin (b7yoxocephdus scorpius) , M t l e r e d  sculpin ( ~ n o ~ h r y s  
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c lav iger )  a.nd Gymnocanthus x.were the  co t t i d s  most comonly encountered. 

Commercially important inver tebrate  species encountered during the  survey 
included Tanner crab (Chionoecetes o p i l i o ), two species of king crab 
( ~ a r a l i t h o d e scamtschatica and -P. platypus) and several  species of  sna i l s .  

Chionoecetes op i l i o  was the  most commonly observed crab species throughout 
the  sllrvey area  with t he  percent of occurrence increasing with depth, 
Generally, the  catches consisted of  juveniles with r e l z t i v e l y  few mature 
adul ts  t&en. Average catches by weight were much greater  i n  t h e  Chukchi 
Sea than i n  Norton Sound areas,  Both species of king crab were present 
i n  both areas ,  but i n  much smaller numbers than C, opi l io .  

Snai ls  were widespread i n  occurrence. The major species encountered ri..n-
cluded Neptunea heros, No ventricosa,  N. b o r e h i s  , - ~ e r i n g i u sbe r ing i i ,  
and Pyrulofusus deformis. 

Gil.Liet A d  Pelagic 

Gillnet  operations proved t o  be very unproductive, Catches were small, 
ranging from approximately 55 f i s h  t o  no catch, Sets  made a t  inshore 
areas usually caught' more than those made i n  offshore wa.ters. Most f i s h  
were taken i n  the  smaller mesh s i ze s  with Pac i f ic  herr ing and rainbow 
smelt being the  most comiuon, Other species taken i n  g i l l n e t s  included: 
a r c t i c  char ( ~ a l v e l i n u sallsinus'), pink salmon ( ~ n c o r h ~ n c h u sgorbuscha), 
and chum salmon (~ncorhynchus--keta) ,  

pelagic trawl hauls were conducted on a random bas i s  during the  e n t i r e  
survey because no extensive off-bottom f i s h  concentrations were en-
countered. Tine l imita t ions .  and equipment malfunctions r e s t r i c t e d  
pelagic t rawl  operations. Catches were small and provided l imited qual-
i t a t i v e  information, The l a rges t  pelagic t rawl  catch (15 f i s h )  occurred 
near the  entrance of Kotzebue Sound and included: rainbow smelt, saff ron 
cod, a r c t i c  char, and juvenile pink salmon, 
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Table 1.--List of f i s h  s p e c i e s  t e n t a t i v e l y  i d e n t i f i e d  from ca tches  made 
dur ing  t h e  M i l l e r  Freeman Cruise MF-76-B. 

S c i e n t i f i c  Name 

Agonus acipens erinus 
Aspidophoroides oZriki 
OceZ Za verFcosa 
Anno4tes h e q t e r u s  
Anarchichas orientat is  
CZupea harengus paZZasi 
Artedie ZZus scaber 
Enophrys cZariger 
Gymcanthus gazeatus 
Gymnocanthus tricuspus 
HemiZepidotis hemilepidottcs 
Hemi Zepidotus jordani 
Iegabcottus pZatycephaZus 
MyoxocephaZus joak 
MyoxocephaZus quadYicornis 
l@oxocephuZus scorpius 
Nautichichthys pribiZovius 
Psy chro Zutes paradow 
Trig Zops pinge Z i  
Ewicrotremus orbis 
L i p d s  sp, 
Boreogadus saida 
EZeginus graciZis 
Theragra cha Zcograrma 
Pungitius pungitius 
Hexagrmos steZZeri 
MaZbtus uiZZosus 
Osmemrs mordax dentex 
Hypo~esus ozidus 
HippogZossoides robustus 
H<ppogZossus s ten0 Zepis 
Limanda aspera 
Limanda proboseidea 
Liopsetta gZaciaZis 
PZatichthys s teZZatus 
PZeuronectes quadritubercuZatus 
Reinhardtius hippogZossoides 
Coregonus laurettae 
Oncorhy nchus gorbuscha 
Oncorhynchus keta 
Oncorhynchus tshawy tscha 
SaZue Zinus alpinus 
ChiroZophis poZy actocephazus 
Ewnesogramms praecisus 
Lumpenus fabrici i  

Co~mon Name 

Sturgeon poacher 
A r c t i c  a l l i g a t o r f i s h  
Warty poacher 
P a c i f i c  sandlance  
Bering wolf f  i s h  
P a c i f i c  h e r r i n g  
Hamecon 

Armorhead sc u l p i n  
A r c t i c  s taghorn  s c u l p i n  
Red I r i s h  l o r d  
Yellow I r i s h  l o r d  
B e l l i g e r e n t  scu lp in  
P l a i n  s c u l p i n  
Fourhorn s c u l p i n  
Shorthorn s c u l p i n  
Eyeshade s c u l p i n  
Tadpole s c u l p i n  
Ribbed s c u l p i n  
P a c i f i c  sp iny  lumpsucker 

A r c t i c  cod 
Sa f f ron  cod 
Walleye po l lock  
Ninespine s t i c k l e b a c k  
White-spotted g reen l ing  
Capel in 
Rainbow s m e l t  
Pond s m e l t  
Bering f lounder  
P a c i f i c  h a l i b u t  
Yellowf i n  s o l e  
Longhead dab 
A r c t i c  f lounder  
S t a r r y  f lounder  
Alaska p l a i c e  
Greenland h a l i b u t  
Bering c i s c o  
Pink salmon 
Chum salmon 
Chinook salmon 
A r c t i c  cha r  
Decorated warbonnet 
Four l ine  snakeblenny 
Slender  eelblgnny 



Table 1.--cont. 

Lumpenus mackoyi 
Stichaeus punctatus 
GymeZis viridus Fish doctor 
Lycodes eonco Zor 
Lycodes t u m e r i  Polar eelpout 
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Table 3.--Percent occurrence  by area and depth i n t e r v a l  f o r  p r i n c i p a l  f i s h  and s h e l l f i s h  s p e c i e s  taken 
dur ing  M i l l e r  Freeman. Cruise  MF-76- . 

1/ Rep l i ca t e s  and g i l l n e t s  n o t  included.-

CHUKCHI SEA AREA 
DEPTH (meters)  

0-25 26-50 50 Total-I/ 

69% 29% 10% 40% 

77 42 -- 49 

65 87 SO0 8 1  

77 24 -- 39 

88 74 -- 69 

54 21 -- 30 

77 58 -- ' 57 

65 6 1  -- 54 

62 92 100 82 

1 5 -- 3 

-- 5 -- 3 

Sa f f ron  cod ( juv.)  

Sa f f ron  cod ( a d u l t )  

A r c t i c  cod 

Yellowfin s o l e  

Alaska p l a i c e  

S t a r r y  f lounde r  

Toothed s m e l t  

Herr ing  

Tanner c r a b  

King c rab  (camtscha t ica)  

King c r a b  (p la typus)  

NORTON SOUND AREA 
DEPTH (meters)  

0-25 26-50 50 1/Total-

78% 42% 0% 58% 

100 73 100 89 

86 83  -- 79 
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78 35 -- 55 
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48 50 -- 38 
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66 25 -- 45 

-- 35 71 1 9  

I S n a i l  spp. I 69 
85 90 78 63 94 100 78 
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SURVEY AND OTOLITH-AREA BOUNDARIES 
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Figure 2.--Survey, sub-area and o t o l i t h  area bowzdaries for  PIiZZer Freeman Cruise 
IGF- 76- B. 
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Figure 3.--DemersaZ trawl s tat ions e~wnined d&ng MIZZer Freeman Cruise MF- 76-B. 
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